ABSTRACT: An experiment was conducted to evaluate the effect of using thyme (Thymus vulgaris L; TH) or citric acid;(CA) either alone or in combination (at level 0.2 % of each) to improve the utilization of the low protein low energy broiler diets (LPLE), containing 4% lower protein and 200 Kcal /Kg lower energy than those of control diets at starter, grower and finisher periods. Control diets contained 21, 19 and 18% CP and 2988, 3083 and 3176 kcal ME/kg diet at starter, grower and finisher periods, respectively. It was supplied with required nutrients to satisfy the recommended requirements of Cobb broilers. A total number of 180, seven days-old of unsexed Cobb broiler chicks were distributed into 6 treatments of 30 chicks each in three replicates. Main results obtained can be summarized as follows: -There were significant differences between values of weight gain in different growth periods while there were insignificant differences between values of feed conversion ratio except for total growth period (7-42d.). -All over growth period, the LPLE diet decreased weight gain and degraded feed conversion ratio by 23.24 and 19.47% compared to control diet. In general, it seemed that addition of TH or CA either alone or in combination to the LPLE diet improved weight gain compared to LPLE diet and recorded the better feed conversion ratio compared to low protein (LP) or LPLE diet. The combination of such feed additives improved weight gain and feed conversion ratio by 10.46 and 10.13%, respectively compared to LPLE diet. -There were insignificant differences between treatments for carcass characteristics and values of ash and nitrogen retention percentage. The LPLE diet decreased daily nitrogen excretion by 25.92% compared to control diet. -The LPLE diet increased plasma globulin level by 32.75 % compared to control diet. In conclusion, the addition of TH or CA either alone or in combination to LPLE broiler diet improved weight gain and feed conversion ratio, decreased plasma globulin and increased total plasma antioxidants capacity compared to LPLE broiler diet.
INTRODUCTION
High levels of production and efficient feed conversion are the need of the modern poultry industry, which to a certain extent could be achieved by the use of specific feed additives. Antibiotic feed additives as growth promoters have long been supplemented to poultry feed to stabilize the intestinal microbial flora, improve the general performances and prevent some specific intestinal pathology (Hassan et al. 2010) . However, increased pressure on livestock industry to phase out the use of prophylactic dosages of antibacterial growth promoters (AGP) in the European Union and other parts of world due to microbial resistance in animals has stimulated increased interest in alternative natural growth promoters (Fature and Matanmi, 2008) .Several alternatives to antibiotic growth promoters have been proposed such as phytogenic feed additives (Galik and Rolinec, 2011) ,organic acids (Kral et al., 2011) , probiotics (Corcionivoschi et al., 2010) , products of bees (Petruska et al., 2012) and enzymes (Benţea et al., 2010) . Thyme (Thymus vulgaris L.) is a popular medicinal plant belonged to Lamiaceae sp. and mostly grown in Mediterranean regions (Chevallier, 1996) . This herb has been paid more attention due to its antioxidant (Bolukbasi and Erhan, 2007) , antibacterial (Dorman and Deans, 2000) anticoccidial (Jamroz et al., 2003) , and antifungal properties (Hertrampf, 2001) . Volatile oils from thyme were assessed as inhibitors of microbial growth (Toghyani et al., 2010) . The major derived components of thyme plant are thymol and carvacrol, the phenolic compounds which have shown antioxidant and antibacterial activities (Demir et al., 2008) . These compounds exhibit beneficial effects in poultry health and production (Mitsch et al., 2004) . Organic acids have growth-promoting properties and can be used as alternatives to antibiotics (Fascina et al., 2012) . Dietary supplementation of organic acids in the diet of broilers enhanced nutrient utilization, growth, and feed efficiency (Denil et al., 2003) . Recently, Hashemi et al. (2014) added an acidifier mixture (formic, phosphoric, lactic, tartaric, citric and malic acids) in the broiler diet at the rate of 0.15%. An increase in body weight gain was observed in the organic acid group compared to the control group at the end of 42 day of experiment. The use of citric acid creates an acidic environment (pH 3.5 to 4.0) in the gut that favors the development of lactobacilli and inhibits the replication of Escherichia coli, Salmonella, and other gram-negative bacteria (Chowdhury et al., 2009) .Several studies support the statement that the addition of citric acid to broiler rations improved weight gain (Afsharmanesh and Pourreza 2005), increased feed consumption (Moghadam et al., 2006) and improved feed efficiency (Abdel-Fattah et al. 2008) . It also decreased pH of cecal digesta, crop and gizzard (Andrys et al., 2003) and intestine (Denil et al., 2003) . Furthermore, Chowdhury et al. (2009) showed that dietary supplementation of citric acid at the level of 5 g/kg had positive effects on growth, feed intake, feed efficiency, carcass yield, bone ash, and immune status of broiler chickens. Shabaan (2012) found that chicks fed the low energy diets (200 Kcal /Kg diet lower energy than those of control diets) supplemented with a mixture of 0.15% thyme and 0.15% cumin gave an equal growth performance and higher economical efficiency as compared to the control group and suggested that the positive effects of these additives may be attributed to the biological function or pharmacological activities of these extract components like thymol, carvacrol….etc. Feeding low protein diets has been reported to affect growth performance and carcass yield of broiler chickens (Bregendahl et al., 2002) . However, there is negative correlation between body weight and immune responsiveness (Siegel and Gross, 1980) , which is of concern to both breeders and health specialists. Selection for increased growth has resulted in conflict with maturation of the immune system and the magnitude of the immune response (Maatman et al., 1993) . This may be because of the limited resources available for birds to accommodate all the physiological demands imposed upon them (Siegel et al., 1982; Dunnington, 1990) . Others, however, observed a reduced growth and enhanced fat deposition when animals were fed a reduced energy feed; these effects were even more pronounced when protein levels were reduced (Lippens et al., 2002) . Schutte et al. (1993) reported that for each percentage of nitrogen decrease in the feed, nitrogen excretion is reduced by 10%. In response, dietary means to decrease nitrogen excretion by feeding low Crude Protein (CP) diets to poultry has been reported (Parsons, 1995; Aletor et al., 2000) . Grune et al. (1997) showed that the degradation of proteins is an essential part of the overall antioxidant defenses against free radical attack. Abd El-Hakim et al. (2009) have been used Curcuma longa plus thyme as natural antioxidants in broiler diet to decrease the damage of protein by free radical and decrease the lost of protein in feces. They obtained significantly increasing in nitrogen retention by 13.25% compared to control diet and indicated that natural antioxidants may decrease the damage of protein by free radical. They also found that addition of thyme alone or in combination with Curcuma longa increased the apparent metabolizable energy by 3.89 and 3.56%, respectively compared to basal diet. Spais et al. (2002) found that a commercial feed additive containing herb extracts and organic acids exerts a growth promoting effect comparable to that of flavomycin. Lippens et al. (2005) showed that organic acids and plant extracts work differently while, the combination of both groups of products could give an additive effect. Moreover, Phytogenic additives and organic acids improve nutrient metabolizability in broilers at the initial growth stages. The use of organic acids, alone or associated with phytogenic additives in broiler diets, is an alternative, given the ban on antibiotic growth promoters (Fascina et al., 2012) .Recently, Naela et al. (2016) concluded that using of thyme or formic acid in broiler feeds have significant positive effect on performance and immunity parameters. Also, addition of thyme plus formic acid is more effective than thyme or formic acid alone. The present study was conducted to investigate the effect of supplementing thyme (Thymus vulgaris L; TH) or citric acid (CA) either alone or in combination (at level 0.2 % of each) to improve the utilization of the low protein low energy broiler diet. (Table 1) for the first week of age and then they were wingbanded, individually weighed and distributed into 6 groups each in three replicates of 10 chicks each in caged battery brooders. Experimental diets and water were offered ad-libitum over the experimental period. Chicks in all treatments were kept under similar conditions of management. Artificial lighting was provided 24 h daily during the whole experimental period. Thyme was purchased from local market, Cairo, Egypt. The control diets were supplied with required nutrients to satisfy the recommended requirement of Cobb broilers (Table 1) . Chicks were allotted on the following dietary treatments: 1-Control diet. 2-Low protein diet (LP diet) contained 4% lower protein than control diet. 3-Low protein and energy diet ( LPLE diet) contained 4% lower protein and 200 Kcal /Kg lower energy than control diet. 4-Low protein and energy diet + 0.2 % thyme 5-Low protein and energy diet + 0.2 % citric acid 6-Low protein and energy diet + 0.2 % thyme + 0.2 % citric acid The LP and LPLE diets were provided by level of lysine and methionine to achieve their corresponding levels of the control diet. The body weight (BW) and feed intake (FI) were weekly recorded while feed conversion ratio (FCR) and body weight gain (BWG) values were calculated. At the end of experimental period (42 days), three birds were taken randomly from each treatment and slaughtered and the edible organs included heart, empty gizzard and liver were weighed. Carcass and organs weights percentage were calculated on the basis of live body weight. Individual blood samples were taken from 3 birds within each treatment, and collected into dry clean centrifuge tubes containing drops of heparin and centrifuged for 20 minutes on (3000 rpm) for obtaining plasma . Antioxidant capacity in plasma was determined using commercial kit produced by Biodiagnostic Company. Plasma cholesterol, total protein, albumin, uric acid and zinc were determined by suitable commercial kits. Globulin concentration of each assayed sample was calculated by subtracting the albumin value from its total protein concentration. The ash nitrogen retention, nitrogen intake g/day and nitrogen excreted g/day of the tested diets were determined at the end of experiment (42 days) using 3 birds from each treatment throughout digestion trials for 3 days. Feed and the finely ground excreta were analyzed for moisture, ash and nitrogen content (N) according to official methods (A.O.A.C., 1990) . Nitrogen retention (NR %) was calculated from the following formula. NR= (N content of dry feed-N content of dried excreta) X 100/ N content of dry feed. The obtained data were statistically analyzed using oneway analysis of variance procedure (SAS, 2000) computer program using the following fixed model: Yi=μ + Ti + ei Where: Yi = The observation; μ = Overall mean; Ti = Effect of treatments (i = 1, 2, 3, 4, 5 and 6); ei= Random error component assumed to be normally distributed. Differences among treatment means were tested using Duncan's Multiple Range Test (Duncan, 1955) .All data are presented as least square means.
MATERIALS AND METHODS

RESULTS AND DISCUSSION Growth performance:
The effect of dietary treatments on body weight gain (BWG) and feed conversion ratio (FCR) is shown in Table ( 2). There were significant differences between values of weight gain in different growth periods while there were insignificant differences between values of feed conversion ratio except for total growth period. In starter period, LP or LPLE diet degraded feed conversion. Feed additives used in this study improved feed conversion while LPLE diet recorded the worst value (1.9). All over growth period, the LPLE diet decreased weight gain and degraded feed conversion ratio by 23.24 and 19.47% compared to control diet. These results agree with those obtained by Aletor et al. (2000) who found that the increased feed consumption in the lowprotein diets led to a corresponding inferior feed conversion efficiency. In general, it seemed that addition of TH or CA either alone or in combination to the LPLE diet improved weight gain compared to LPLE diet and recorded the better feed conversion ratio compared to low protein (LP) or LPLE diet. The combination of such feed additives improved weight gain and feed conversion ratio by 10.46 and 10.13%, respectively compared to LPLE diet. These results agree with those obtained by Ali et al. (2011) who found that in starter period, addition of cumin plus citric acid to LPLE improved feed conversion not only comparable to LPLE but also compared to control diet. Recently, Naela et al. (2016) concluded that using of thyme or formic acid in broiler feeds have significant positive effect on performance and immunity parameters. Also, addition of thyme plus formic acid is more effective than thyme or formic acid alone. The beneficial effect of thyme can be explained on the basis that stimulatory effect of herbal products on growth and digestion is the main reason for these results, so essential oils and related components derived from thyme have been widely used for the appetizing and stimulating effect on digestion. Such materials have traditionally been used to stimulate the production of endogenous secretions in the small intestine mucosa, pancreas and liver, and thus aid digestion (Cross et al., 2007) . Langhout (2000), as well as Williams and Losa (2001) discovered that essential oils of thyme have a stimulating effect on the animal digestive system, due to the increase of digestive enzymes and improve nutrients utilization through the enhanced liver function (Safa and Al-Beitawi, 2009 ). Volatile oils from thyme were assessed as inhibitors of microbial growth (Toghyani et al., 2010) . Moreover, thymol has been shown to reduce the number of coliforms within the digsta of chickens (Cross et al., 2004) . Herb derivatives may have an effect through an increase in production of lactic acid bacteria, thus increasing the population of beneficial bacteria and reducing the presence of gram negative bacteria (Savage et al., 1996) .
Herbs like thyme (Thymus vulgaris) that are rich in active compounds such as flavonoids extend the activity of vitamin C, act as antioxidants and may therefore enhance the immune function (Cook and Samman, 1996 ; Manach et al., 1996) . In this respect, Abd El-Hakim et al. (2009) used Curcuma longa plus thyme as natural antioxidants and obtained significantly increasing in nitrogen retention by 13.25% compared to control diet. Using herbs as natural antioxidants saving protein by decreasing free radical production which degrade the protein (Ali et al., 2011) . Recently, (Fardos and Ashraf, 2017) found that supplementation of thyme down regulated the pro-inflammatory mediators and increased the expression of mucin2 mRNA in the jejunum of chickens and concluded that thyme supplementation in the diet of broilers at 5 g/kg has the potential to favorably influence productive performance via an improvement in the immune status of the broiler. In different growth periods we can observed, addition CA to the LPLE diet improved feed conversion ratio compared to LP or LPLE diet. However, chicks fed LPLE diets supplemented with citric acid improved feed conversion ratio by 21.05, 11.01and 5.19 %, at starter, grower and finisher period, respectively compared to LPLE diet. The beneficial effect of citric acid can be explained on the basis that, dietary supplementation of organic acids increased the body weight and improved feed conversion ratio (FCR) in broiler chicken. Adil et al. (2010 Adil et al. ( , 2011b found that the highest weight gains were achieved in the birds fed 3% fumaric acid as compared to the group fed diet supplemented with 3% lactic acid. Chicks fed the diet supplemented with organic acids showed a significant (P < .05) improvement in the FCR as against the chicks fed the control diet. The improvement in the FCR could be possibly due to better utilization of nutrients resulting in increased body weight gain in the birds fed organic acids in the diet. The above workers also conducted another trial, in which broilers were given basal diet supplemented with 2-3% each of butyric acid, fumaric acid and lactic acid (Adil et al. 2011a) . The improvement in FCR in this study, could be possibly due to lower amount of feed intake as a result of better utilization of nutrients in the birds fed organic acids in the diet. In allover growth period (7-42 d), there were significant differences between values of BWG and FCR. However, chicks fed LPLE diets supplemented with citric acid increased weight gain and improved feed conversion ratio by 7.68 and 8.81%, respectively compared to LPLE diet. Recently, Hashemi et al. (2014) added an acidifier mixture (formic, phosphoric, lactic, tartaric, citric and malic acids) in the broiler diet at the rate of 0.15%. An increase in body weight gain was observed in the organic acid group (2402 g) compared to the control group (2276 g) at the end of 42 day of experiment. In present study, we use citric acid alone and further studies are needed in the future with mixed organic acid. Such a positive impact of dietary acidifiers on growth performance might be attributed to a reduction of pH values in the feed and digestive tract, serving as a barrier against pathogenic organisms which are sensitive to low pH; the direct antimicrobial effect; the reduction in buffering capacity in conjunction with improving nutrient digestibility (Ghazala et al., 2011) . Some studies also showed no performance difference, in comparison with the negative control and/or the birds fed antibiotics (Gunal et al. 2006; AbdelFattah et al. 2008; Vieira et al.2008; Kopecky et al. 2012 ). There are conflicting results regarding the use of acidifiers in poultry and, according to Hernandez et al. (2006) , these effects depend on the chemical form of the acid, pKa values, bacterial species, animal species and the site of action of acids. Moreover, most of the studies that used organic acids as additives in broilers diets were conducted in low health challenge environments which could explain the inconsistent results, because the growthenhancing effects of antimicrobial additives become apparent when chickens are subjected to suboptimal conditions, such as a less digestible diet or a less clean environment. This inconsistency would be related to the source, the amount of organic acids used and the composition of the diets. The addition of TH or CA both alone or in combination to LPLE improved body weight gain and feed conversion ratio compared to LP or LPLE diet. At the end of grower period, the addition of TH + CA improved weight gain and feed conversion ratio by 10.58 and 11.86%, respectively compared to LPLE. Regarding to the finisher period, the addition of TH + CA to the LPLE diet increased weight gain and improved feed conversion ratio by 11.38 and 6.92%, respectively compared to LPLE diet. The increase in BWG and improved in FCR with TH + CA may be due to a synergistic effect (Ali et al., 2008) . This may be explained based on the use of citric acid creates an acidic environment (pH 3.5 to 4.0) in the gut that favors the development of lactobacilli and inhibits the replication of Escherichia coli, Salmonella, and other gram-negative bacteria (Chowdhury et al., 2009) . At a low pH the essential oils (Eos) increase the hydrophobicity, enabling them to more easily dissolve in the lipids of the cell membrane of target bacteria (Juven et al., 1994) . The beneficial effect of thyme plus citric acid in this study are agree with those obtained by Spais et al. (2002) who found that a commercial feed additive containing herb extracts and organic acids exerts a growth promoting effect comparable to that of flavomycin. Also, Lippens et al. (2005) showed that organic acids and plant extracts work differently while, the combination of both groups of products could give an additive effect. Putting in mind, that in this study we use the combination of two additives in low protein low energy diet and the response of this combination may be different in case of only low protein or low energy diet. Further studies are needed with this combination with different level of protein or metabolizable energy.
Carcass characteristics:
The effect of dietary treatments on carcass, liver, heart, gizzard, total edible parts and abdominal fat percentage are shown in Table ( 3). No significant differences were found between chicks fed the control diet and all treatments in all carcass characteristics. However, the numerically increase of abdominal fat percentage observed in groups fed LP or LPLE can be explained on the basis that low protein diet promote lipid synthesis. Donaldson (1985) showed that lowprotein diets promote higher rates of de novo hepatic lipid synthesis in chickens than high protein diets. The addition of TH or CA either alone or in combination to the LPLE diet numerically decreased the abdominal fat percentage compared to LPLE diet indicating that these additives may save the protein and consequently decrease fat deposition.
These results agreed with those obtained by Abd El-Hakim et al. (2009) who reported that no differences were noticed for carcass, liver, gizzard, abdominal fat, total edible parts and giblets in broilers fed a 18% crude protein diet supplemented with Thymus vulgaris, Curcuma longa, citric acid or their combinations. Moreover, Hernandez et al. (2004) reported that no effects of plant extracts on organ weights in broilers. These results agree with those obtained by Denli et al. (2003) who reported that organic acid (mixture of propionic and formic acid) had no effect (P > .05) on the carcass yield, abdominal fat pad, abdominal fat percentage and liver weight compared with control. Similar results were obtained by Skinner et al. (1991) , who compared the effects of dietary fumaric acid supplementation at 0.125%, 0.25% and 0.50% on broiler performance from 0 to 49 days. Similarly, Garcia et al. (2007) reported that the carcass, right breast and right thigh yields of broilers at 49 days of age were unaffected by supplementation of formic acid (0.5% or 1.0%). Islam et al. (2008) noted that carcass characteristics were not affected by supplementation of organic acids. Also, Kopecky et al, (2012) concluded that were no statistically significant differences (P>0.05) between groups on carcass yield of broiler chickens. Differences in breasts and thighs of chicken from control and experimental groups with addition of organic acids were not statistically significant (P>0.05). Recently, Brzoska et al. (2013) reported that organic acid (0.3-0.9%) had no significant influence on carcass yield or proportion of individual carcass parts. On the other hand, several studies noted that carcass characteristics were affected by supplementation of herbal feed additives, herbal plant extracts or organic acids (Lee et al.,2004; AL-Kassie, 2009 ). For example, Shabaan (2012) showed that carcass percentage and total edible parts percentage were significantly by supplementing mixture of 0.15% thyme plus 0.15% cumin to low energy broiler diet compared to low energy diet or control group. This may be due to the two herbs have synergetic effect. Moreover, Tollba et al. (2010) found that in comparison to control diet, significant increases (P<0.05) in dressing, breast, giblets and edible relative weights were observed due to the addition of aromatic herbal extract. This may be explained based on herbal plants that have stimulatory effects on pancreatic secretions such as digestive enzymes which help to digest and absorb more amino acids from the digestive tract and thereby improve carcass traits as reported by Mansoub (2011) and Fascina et al. (2012) who reported that the use of an organic acids mixture (comprising 30.0% lactic acid, 25.5% benzoic acid, 7% formic acid, 8% citric acid and 6.5% acetic acid) in broiler diets provided better carcass characteristics. Also, these feed additives may decrease the protein degradation by free radical and save the protein for growth (Ali et al., 2011) .
Ash and nitrogen retention:
The data in Table ( In this study, the addition of TH decreased nitrogen excreted (g/day) by 22.5% compared to LPLE diet. These results agree with those obtained by Schiavone et al.(2008) who reported that inclusion of chestnut wood extract in broiler diets reduced total nitrogen in the litter. The decrease in fecal nitrogen in TH may be due to the effect of thyme on microbes which improved feed conversion and reduced nitrogen content in feces thereby increasing nitrogen retention. Bacteria compete with host for uptake of amino acids, thereby reducing nitrogen utilization (March et al., 1978; Furuse and Yokota, 1985) . In addition, thyme have antioxidant properties that may decrease the reactive oxygen species and consequently decrease the protein damage thereby increasing nitrogen lost in feces. The acidic anion has been shown to complex with Ca, P, magnesium and zinc, which results in an improved digestibility of these minerals (Edwards and Baker 1999). The results of this study disagree with those obtained by Smulikowska et al. (2009) who reported that fat-coated organic acid preparations increased nitrogen retention in comparison with the un-supplemented control diet. The increase in nitrogen retention can be connected with greater epithelial cell proliferation in the gastrointestinal tract. Non-protected organic acids added into poultry feed are readily digested (Sugiharto, 2014) , while the fat-coated preparation prevented dissociation of organic acids in the stomach and helped to address their bioactivity towards distal parts of the intestine and effectively modulate the intestinal microflora and mucosal morphology in chickens (Hu and Guo 2007) . In this study we used citric acid without coating and further studies are needed with coated organic acid.
Blood plasma parameters:
The data in Table ( , 2006) . There were significant differences among treatments in values of plasma total protein and globulin while, there were insignificant differences between albumin values. It was surprise that LPLE diet recorded the highest value of plasma total protein (3.02 g/dl) and globulin (2.31g/dl). However, there is negative correlation between body weight and immune responsiveness (Siegel and Gross, 1980) , which is of concern to both breeders and health specialists. Selection for increased growth has resulted in conflict with maturation of the immune system and the magnitude of the immune response (Maatman et al., 1993) . This may be because of the limited resources available for birds to accommodate all the physiological demands imposed upon them (Siegel et al., 1982 ; Dunnington, 1990) . The addition of TH plus CA significantly decreased plasma globulin by 74.8 % compared to LPLE diet. The reduction in plasma globulin in birds fed LPLE plus CA have been observed before by Ali et al. (2008) who found with rabbit that the addition of CA plus Turmeric decreased both the harmful microorganisms in the caecum and values of plasma globulin. Richards et al. (2005) showed that microflora-specific immunoglobulin A and immunoglobulin G secretion alone can cost the animal several hundred grams of protein over a lifetime that is not directed towards growth. Le Floc'h et al. (2004) showed that stimulation of the immune system disturbs normal body processes and in turn is able to induce specific amino acid requirements. The difference between LP and LPLE diet in globulin values can be explained on the basis that LP diet contained soy bean oil which plays a role in protection of the feed passage in digestive tract from bacteria attack since fatty acids have been identified as bactericidal factors (CanasRoderiquez and Smith, 1966) . Recently, Naela et al. (2016) concluded that using of thyme or formic acid in broiler feeds have significant positive effect on immunity parameters. Also, addition of thyme plus formic acid is more effective than thyme or formic acid alone. Based on results observed in this study, we can indicate that these feed additives may save the protein by protecting the protein from free radical and/or decrease protein consumed in immune globulin synthesis (immune cost). These results disagree with those obtained with Tollba et al. (2010) who suggested that the addition of aromatic herbal extract to the diets increased (P<0.05) total protein as well as albumin and globulin compared to unsupplemented control group under cold environmental temperature. There were significant differences among plasma uric acid levels due to different dietary treatments. The birds fed LPLE diet recorded value lowered plasma uric acid by 34.45% compared to control diet while, the birds fed LPLE diet + TH + CA recorded the highest value (2.25 mg/dl) Table (5). The reduction in plasma uric acid of birds fed LPLE agree with those of Corzo et al. (2005) who found that control diet (22% CP ) significantly increased uric acid concentration compared to low protein diet (18% CP) and suggested that this increase means that an excess of nitrogen compounds are needed to eliminate. The of addition of TH or CA either alone or in combination to the LPLE diet increase plasma uric acid and these results indicated that these birds have an excess of nitrogen compounds. We have shown previously that, the addition of TH or CA either alone or in combination to the LPLE diet may act synergy to inhibit bacteria population and consequently decrease immune cost and save the protein and/or protect protein from free radical attack and this saving in protein occur also in daily nitrogen excretion. However, Naela et al. (2016) found that no significant effect on serum uric acid when using of thyme or formic acid alone or thyme plus formic acid in broiler feeds.
The analysis of variance indicated that there were insignificant differences between plasma zinc values. LPLE diet recorded the lowest value (674.1μg/dl) of plasma zinc. The addition of CA to LPLE diet numerically increased plasma zinc value by 5.05% compared to LPLE diet. In this respect, Boling et al. (2001) reported in chickens that the Zn utilization increased by the addition of CA to diet. Also, Sugiura et al. (1998) observed an increase in the apparent availability of calcium, phosphorus, magnesium, manganese, and iron in rainbow trout fed fish meal based diets supplemented with CA. There were significant differences between plasma antioxidants capacity values. LP diet recorded significantly higher value than control diet. LP diets contain much oil compared to others which may increase the availability of antioxidants compounds soluble in lipid and consequently increased plasma antioxidants capacity. The addition of TH or CA either alone or their combination to LPLE diet increased numerically total plasma antioxidants capacity compared to LPLE diet or control diet. The addition of TH plus CA to LPLE diet increased plasma antioxidants capacity by 12.12% compared to LPLE diet. These results are in good agreement with other studies in which the supplementation phytogenic feed additive resulted in improvements on the antioxidant status of broilers (Demir et al., 2008; Hoffman-Pennesi and Wu, 2010; Polat et al. 2011; Shabaan 2012) . The improvement of plasma antioxidant capacity by dietary phytogenics could be due to the active components and their phenolic group constituents which exhibit a strong antioxidant effect (Polat et al., 2011) . Antioxidant status improvements may also result from the induction of antioxidant enzyme activities (Ciftci et al., 2010) . However, Ali et al. (2011) found that addition of cumin either alone or with CA to LPLE diet increased total plasma antioxidants capacity compared to LPLE diet. In present study, improvement in plasma antioxidants capacity when the addition of TH plus CA to LPLE may be due to synergy effect.
CONCLUSION
Using LPLE diet decreased broiler weight gain and impaired feed conversion by 23.24 and 19.47%, respectively compared to control diet. Also, LPLE diet decreased daily nitrogen excretion by 25.92% while, increased plasma globulin by 32.75 % compared to control diet. Addition of TH or CA either alone or in combination to LPLE diet improved weight gain and feed conversion ratio. * Premix contain per 3 kg Vit. A 12 000 000, Vit. D3 4000 000 IU, Vit. E 40 000mg, Vit. K3 7000mg , Vit. B1 5500mg, Vit. B2 7700 mg, Vit. B6 6600 mg, Vit. B12 30 mg, Pantothenic acid 18000 mg, Niacin 80000 mg, Biotin 250 mg, Folic acid 1800 mg, Choline 600 g, Selenium 350 mg, Copper 15000 mg, Iron 110000 mg, Manganese 100000 mg, Zinc 80000 mg, Iodine 1500 mg, Cobalt 250 mg and CaCO 3 up to 3000g **Analysis of ingredients calculated according to NRC (1994) 
